Specific to the LIBS field of study, there is a long history of accounting for self-absorption [16] [17] [18] [19] [20] [21] [22] [23] [24] . 
where S(λ) is the source function, which is taken as the ratio of the emission and absorption coefficients 67 ( (λ)/κ(λ)). L(λ) is the normalized line profile and τ is the optical depth, which is defined as
where is the size of the absorption path length. When the source is in local thermodynamic 69 equilibrium the source function takes the form of the Planck function [28] . In order to account 70 for absorption, one can rearrange Equation 2 to isolate the emission coefficient as
such that if one can calculate a correction factor, apart from a multiplication of , of the form
absorption can be taken into account along a particular line of sight in a relative manner. 73 One methods for taking absorption into account is to duplicate the emission source with reflective 74 optics and compare the original emission source to source with its duplication. In the case of laser 75 induced plasma, duplication is typically done using some optical setup using a retro-reflecting mirror 76 [8,22,23]. The retro-reflection is reduced by a factor of e −τ as it passes through the original emission 77 source such that the ratio of the reflection plus the original source to the original emission is
which reduces to
where G(λ) is a term that accounts for losses along the duplication optical path length. The method the optical losses, G(λ). This method will hereafter be referred to the Kcorr method. In this scheme the 83 correction factor is calculated as
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where R c (λ) is the ratio of the continuum with and without the emission duplication. Rearranging 7 the mirror and the lens used to image the plasma onto the mirror were positioned with 5-axis Gimbal 130 mounts for fine adjustments.
131
The alignment of the self-absorption apparatus is a delicate and vital component of this work 132 given the spatial resolution of the ICCD. To aid in this procedure, the lens used to image the plasma 133 with its duplication was fixed in its position so that it properly produced a focused image on the alignment was considered to be one in which ICCD images collected with and without the duplication 142 were nearly identical. Further fine adjustments were made by comparing collected ICCD spectra with 143 and without the duplication such that the ratio was as large as possible, with an ideal ratio limit of 2. To determine the temporal profile of the self-absorption of the H α line, the measurements with and 173 without the H α duplication were used in conjunction with Equation 5 by two methods: 1) Equations 8 174 and 9 are used by finding the ratio of the spectra with and without its duplication and also finding the ratio of the continuum radiation for the Kcorr method and 2) by finding the optical depth according to Equation 7 and directly substituting this into the correction factor from Equation 5 for the direct 177 method. Both methods rely on finding the ratio of the spectra collected with and without its duplication.
178
To gain insight into the temporal development of the self-absorption, these ratios have been tracked 179 through the plasma decay and are displayed in Figure 5 , showing times between 30 and 2150 ns. However, the plateau in the decay of the ratio more than likely indicates that a limit in the sensitivity 190 of the technique has been reached. components in the spectra signals.
292
In terms of characterizing the electron density of the plasma, one typically uses the line width.
293
As a result, the behavior of the width before and after the self-absorption corrections is considered.
294
These results are displayed in Table 1 continuum is likely to be well characterized within the measurement. Table 1 shows that regardless of the method of correcting the spectrum, the line width is reduced 
Conclusions

